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$Ax$ $=$ $b$ (1)
$A\in \mathbb{R}^{n\backslash n}$ $x\in \mathbb{R}^{n}$ $b\in \mathbb{R}^{n}$ (1) SSOR
CG SSOR $A$
$A$ $=$ $L+D+L^{T}$ (2)
$M$
$M$ $=$ $(L^{T}+D/\omega)D^{-1}(L+D/\omega)$ (3)
[1]. $L,$ $D$ (1)






























Eisenstat trick SSOR CG
Eisenstat trick SSOR CG
1. Lct $x_{0}$ be an initial guess,
2. sct $r_{0}=b-Ax_{0}$ ,
3. computc $\tilde{r}_{k+1}=(L^{T}+D/\omega)^{-1}r_{0}$ ,
4. $p_{0}=\overline{r}_{0}$ ,
5. for $k=0,1,$ $\ldots$ ,
6. computc $(L+D/\omega)^{-1}p_{k}$ ,
7. $q_{k}=p_{k}$ $(1-2/\omega)D(L+D/\omega)^{-1}p_{k}$ ,







13. compute $r_{k}=(L^{T}+D/\omega)\tilde{r}_{k+1}$ ,









4. $\Vert r_{k+1}\Vert_{2}/\Vert r_{0}\Vert_{2}\leq\epsilon$
$m$ $m$
Tri(Triangular, ) Tri CG
Tfi CG
1. Lct $x_{0}$ bc an initial gucss,
2. sct $r_{0}=b-Ax_{0}$ ,
3. computc $\tilde{r}_{k+1}=(L^{T}+D/\omega)^{-1}r_{0}$ ,
4. $p_{0}=\overline{r}_{0}$ ,
5. for $k=0,1,$ $\ldots$ ,
























if $mod (k, m)=0$ thcn,
computc $r_{k}=(L^{T}+D/\omega)\tilde{r}_{k+1}$ ,










1. Let $x_{0}$ bc an initial gucss, and put $r_{0}=b-Ax_{0}$ ,
2. choosc $r_{0}^{*}$ such $t$ hat $(r_{0}, r_{0})\neq 0,\ovalbox{\tt\small REJECT}$
3. sct $p_{0}=r_{0}$ ,
4. for $k=0,1,$ $\ldots$ ,
5. computc $Ap_{k}$ ,
6. $\alpha_{k}=\frac{(r_{k},r_{0}^{*})}{(Ap_{k},r_{0}^{*})}$ ,
7. $t_{k}=r_{k}-\alpha_{k}Ap_{k}$ ,
8. computc $At_{k}$ ,
9. $(k= \frac{(At_{k},t_{k})}{(At_{k},At_{k})}$ ,
10. $Xk+1=x_{k}+\alpha_{k}p_{k}+(kt_{k}$ ,
11. $r_{k+1}=t_{k}-\zeta_{k}At_{k}$ ,





$A$ $=$ $L+D+U$ (7)
$U$







Eisenstat trick GS BiCGStab
1. Lct $\tilde{x}_{0}$ be an initial gucss, and put $r_{0}=b-Ax_{0}$ ,
2. choosc $r_{0}^{*}$ such that $(r_{0}, r_{0}^{*})\neq 0$ ,
3. compute $\tilde{r}_{0}=(U+I)^{-1}r_{0}$ ,
4. sct $p_{0}=r_{0}^{\sim}$ ,
5. for $k=0,1,$ $\ldots$ ,
6. computc $(L+D)^{-1}p_{k}$ ,
7. $q_{k}=p_{k}+(1-2/\omega)D(L+I)^{-1}p_{k}$ ,




12. computc $(L+D/\omega)^{-1}t_{k}$ ,
13. $u_{k}=t_{k}+(1-2/\omega)D(L+D/\omega)^{-1}t_{k}$ ,







19. if $\Vert\tilde{r}_{k+1}\Vert_{2}/\Vert\tilde{r}0\Vert_{2}\leq\epsilon$ thcn,
20. if $mod (k, m)=0$ thcn,
21. compute $r_{k+1}=(U+D/\omega)\tilde{r}_{k+1}$ ,











” $‘$ . Lnnz ”
“ Unnz ”







1: CG Eisenstat trick CG BiCGStab 1
1: Fortran
1. do $i=1$ , ncol
2. tmp $=$ val(rowptr$(i)$ ) $*p(i)$
3. tmp2 $=p(i)$
4. do $j=$ rowptr(i), rowptr(i $+$ 1)–2
5. tmp $=$ tmp $+val(j)*p(colind(j))$








2: Eisenstat trick Fortran
1. omcga2 $=1.OdO-2.OdO/omcga$
2. do $i=1$ , ncol
3. tmp $=p(i)$
4. do $j=rowptr(i)$ , rowptr(i $+$ l) $-2$
5. tmp $=tmp-$ val$(j)*y(colind(j))$
6. cnddo




11. do $i=$ ncol, $1,$ $-1$
12. $w(i)=w(i)*$ omcga $*$ pivot(i)
13. tmp $=w(i)$
14. do $j=$ rowptr(i), rowptr(i $+$ 1)–2












$Ap_{k}$ ”, “ $(L+D/\omega)^{-1}p_{k}$ ”, $(L^{T}+D/\omega)^{-1}q_{k}$ ”, “ $(1-2/\omega)$ ”
“
$Ap$ ’‘, $‘$ . lp “, “ lq “, “omega2 ”
2 1 9 $p_{k}+(1-2/\omega)(L+D/\omega)^{-1}p_{k}$ $q$
$q$ 1 ncol 10
$(L^{T}+D/\omega)^{-1}q_{k}$
$q$ ncol 1
1 2 1 5 6 2




1. do $i=1$ , ncol
2. tmp $=0.0d0$
3. do $j=$ rowptr(i), rowptr(i $+$ l)–l
4. tmp $=$ tmp $+$ val$(j)*p$(colind$(j)$ )
5. enddo
6. Ap(i) $=$ tmp
7. enddo
1 5 6 2 $Ap$ 3 4
Eisenstat trick Fortran
4: Eisenstat trick Fortran
1. omcga2 $=1.0d0-2.0d0/omcga$
2. do $i=1$ , ncol
3. tmp $=p(i)$
4. do $j=$ lrowptr(i), lrowptr(i $+$ l)–l
5. tmp $=tmp-$ lval$(j)*y$ ( lcolind $(j)$ )
6. cnddo
7. $y(i)=$ tmp $*$ omcga $*$ pivot (i)
8. cnddo
9. do $i=$ ncol, $1,$ $-1$
10. tmp $=p(i)+$ omcga$2*y(i)$
11. do $j=$ urowpt $r(i)$ , urowpt$r(i+1)-1$
12. tmp $=tmp$ –uval $(j)*w$ (ucolind $(j)$ )
13. enddo





2 Eiscnstat trick 1
2: CG Eisenstat trick CG BiCGStab 1
5
CG IC(0), SSOR, Tri 3 CG 4





3 17 4 17 3
$‘$
” $ft2lal$ . $ft2la2,$ $ft2la3,$ $ft2lb3$ ( ),
tikatan, tikatan-big cla-pla1000-1 BEAM, CABLE, s2













5. 17 15 Tri. cla-plalOO(l)l CG bodyy5 IC(0) CG
. bodyy5 16 IC(0) SSOR CG 2
Tri CG 2 tikatan-big.
6. 17 16 Tri BiCGStab. comsol BiCGStab
. BiCGStab ILU(0) 2
Tri 165 101 1. Tri BiCGStab ratio2
. wascda Tri BiCGStab 1
101
Tri
7 Tri CG 8 Tri
BiCGStab
“
” 5, 6 ratio2 ’
$\cdot$ ”, ” ‘ ” 3 1, 2
1 Tri
“ ”





8. matrix-9 16 wascda 15
.
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